We previously reported that an acidic polysaccharide (TAP) isolated from the fruiting bodies of Tremella aurantia was composed of mannose, xylose, glucuronic acid, and glucose (molar ratio, 4 : 2 : 1 : 0.3), and contained O-acetyl groups (2.2%) in the molecule, and exhibited a significant hypoglycemic activity in diabetic mouse models following intraperitoneal administration and suppressed hyperglycemia by continuous oral administration.
In the present study, the structural features of TAP were investigated by a combination of chemical, enzymatic, and spectroscopic methods.
A TAP and its carboxyl-reduced polysaccharide (TAP-R), in which the carboxyl groups of glucuronic acid residues were reduced with a water-soluble carbodiimide and sodium borohydride, were fully methylated and the products hydrolyzed with acid; this converted sugars into partially methylated alditol acetates.
3)
The results of GC and GC-MS spectrometry are shown in Table 1 . Since the 2,3,6-tri-O-methyl-D-glucose derivative peak was only present in trace amounts in TAP, and was greatly increased in its carboxyl-reduced product TAP-R, the methylated sugar should be derived from (1→4)-linked glucuronic acid residues. The identification of 2,3,4-tri-O-methyl-D-xylose, 2,3,4,6-tetra-O-methyl-D-mannose, and 2,3,4,6-tetra-O-methyl-D-glucose indicates that the non-reducing terminal residues were D-xylopyranose, D-mannopyranose, and small amounts of glucose. The identification of 4,6-di-O-methyl-D-mannose shows the presence of branching (1→2,3)-linked D-mannopyranosyl residues.
The de-O-acetylated polysaccharide (TAP-D) obtained by alkali treatment and its carboxyl-reduced polysaccharide (TAP-D-R) were subsequently oxidized with periodate and reduced with sodium borohydride to give the polyalcohols. In the hydrolysate of the polyalcohols (the first Smith degradation products), the molar ratio of xylose was reduced by half and the glucuronic acid disappeared, and the first Smith degradation product of TAP-D-R yielded erythritol (derived from 1,4-linked hexose), in addition to mannose, xylose and a trace amount of glucose. Furthermore, the partially degraded polysaccharide obtained by mild-acid hydrolysis of the polyalcohol was again oxidized, reduced, and mildly hydrolyzed to give the second controlled Smith degradation product (TAP-D-2CS). TAP-D-2CS was found to be only composed of (1→3)-linked a-D-mannopyranose by methylation analysis and IR spectrum (820 cm
Ϫ1
). These results suggest the presence of side chains consisting of (1→3)-linked xylose residues attached to terminal xylose residues, and a core of (1→3)-linked a-D-mannopyranosyl residues. The 13 C-NMR spectra of TAP and TAP-R in dimethylsulfoxide (DMSO)-d 6 (Fig. 1) were compared with data in the literature. 4, 5, 6) The lower field signals at 171.6 and 170.5 ppm were assigned to the carbonyl of glucuronic acid and Oacetyl groups. The signals at 104.4, 102.9, and 100.3 ppm in the anomeric region could be attributed to C-1 of b-D-xylose, The structure of an anti-diabetic polysaccharide (TAP) obtained from the fruiting bodies of Tremella aurantia was investigated by methylation analysis, Smith degradation, partial acid hydrolysis, 13 C-NMR spectrometry, and enzymatic digestion. The results suggested that TAP was composed of (1→ →3 We attempted to attack the polymer with an exo-type enzyme, a-mannosidase from jack bean. The de-O-acetylated and carboxyl-reduced glucuronic acid (TAP-D-R) derivative of TAP was used to facilitate the enzymatic digestion, then the removed sugars were analyzed by HPLC as p-aminobenzoic ethyl ester (ABEE)-derivatives. Mannose was identified as the removed sugar. It could thus be postulated that a-Dmannose exists as the non-reducing terminal residues of the side chains.
Structural Features of an Anti-Diabetic Polysaccharide (TAP) from

Tremella aurantia
From the foregoing results, TAP seems to be constructed with a (1→3)-linked a-D-mannopyranosyl backbone, some of which is substituted at the position 2 with (1→3)-linked b-D-xylopyranose side chains and with b-D-glucopyransyluronic acid at position 4 linked to terminal a-D-mannopyranose, as shown in Fig. 2 . The non-reducing terminal a-Dmannopyranosyl residues may contribute to the potent hypoglycemic activity of TAP in diabetic mouse models. TAP an acidic polysaccharide obtained from the fruiting bodies of T. aurantia, was shown to have a similar structural unit, except for the terminal mannnopyranosyl residues, to the polysaccharides of T. fuciformis, 7) Auricularia auricula-judae, 8) T. mesnterica 9) belonging to the same Heterobasidiae, and capsular polysaccharides of Cryptococcus neoformans 6) showing a certain chemotaxonomic relationship to Tremella species.
7)
Experimental Specific rotations were measured with a JASCO DIP-4 automatic polarimeter. IR spectra were recorded on a JASCO A-102 spectrometer. GC was carried out a Shimadzu GC-4CM apparatus and a Shimadzu GC-15A instrument, equipped with a hydrogen-flame ionization detector. GC-MS was conducted using a Hewlett-Packard Model 5890II combined GC-MS spectrometry system equipped with a fused-silica capillary column (0.25 cmϫ30 m, film thickness 0.25 mM) of DB 225. 13 C-NMR spectroscopy was performed on a JEOL FT-NMR EX-400 spectrometer in DMSO-d 6 (50 mg/0.5 ml) at room temperature. The HPLC analysis was carried out using a Shimadzu LC-9A HPLC system equipped with a JASCO FP-920 fluorescence detector.
De-O-acetylation The polysaccharide was stirred in 0.1 M sodium methoxide-methanol solution for 8 h. The product collected by centrifugation was dissolved in water, dialyzed against water, and lyophilized to give the de-O-acetylated polysaccharide (TAP-D) in 95% yield , which showed no acetyl absorption band (1730 cm Ϫ1 ) in the IR spectrum. Carboxyl Reduction Carboxyl-reduction of glucuronic acid in the polysaccharide was performed according to the method of Taylor et al., 10) using 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide and sodium borohydride as previously described.
11) The reduction process was repeated 5 times until the signal at 171.6 ppm in the 13 C-NMR spectrum disappeared. Carboxyl-reduced polysaccharide (TAP-R) and de-O-acetyl and carboxyl-reduced polysaccharide (TAP-D-R) were obtained in 86 and 81% yields from TAP, respectively.
Methylation Analysis The polysaccharide was methylated 3 times by the Hakomori method as previously described.
12) The fully methylated polysaccharide was heated successively with 90% formic acid for 8 h at 100°C and 2 M trifluoroacetic acid for 8 h at 100°C. The partially methylated sugars were converted into alditol acetate derivatives. The resulting partially methylated alditol acetates were analyzed by GC (3% ECNSS-M column at 175°C and DB 225 capillary column at 180°C) and GC-MS spectrometry, as previously described.
13)
Smith Degradation Each polysaccharide (TAP-D and TAP-D-R) was oxidized with 25 mM sodium periodate at 4°C for 2 d, and reduced with sodium borohydride, as previously described, 13) to give the polyalcohols in 59% and 60% yields, respectively. A part of the polyalcohol was mildly hydrolyzed with 0.1 M acetic acid at pH 2.0 adjusted with 0.1 M HCl for 35 min at 100°C, and further oxidized similarly as above, then reduced to give the second polyalcohol. Each polyalcohol was hydrolyzed with 2 M sulfuric acid for 6 h at 100°C, and the hydrolysates (the first and second Smith degradation products: TAP-D-2CS) were analyzed by GC as previously described.
Partial Acid Hydrolysis The polysaccharide (TAP) was partially hydrolyzed with 0.1 M HCl for 6 h at 100°C and the neutralized solution dialyzed against water using cellulose tubing (Viscase Corp.). The non-dialyzable solution was lyophilized to give degraded polysaccharide (TAP-PH) in 73% yield.
Enzymatic Digestion and Sugar Analysis by HPLC After a solution of TAP-D-R (100 mg) in 50 mM acetate buffer (pH 5.0, 100 ml) was incubated with a-mannosidase from jack bean (0.5 mg, 9 units, Sigma) for 24 h at 37°C, the reaction mixture was heated in a boiling water bath for 3 min, and centrifuged. Sugars were analyzed by HPLC as ABEE-derivatives, according to the method of Yasuno et al. 14) The supernatant (20 ml) was reacted with ABEE reagent (40 ml, Honen Corp.) for 1 h at 80°C, and the solution was washed with chloroform. The aqueous layer was injected into a Honenpak C18 column (75ϫ4.6 mm, Honen Corp.) at a flow rate of 1.0 ml/min at 30°C, and detected by fluorescence monitoring (excitation 305 nm, emission 360 nm) with 0.2 M potassium borate buffer (pH 8.9) containing 7% acetonitrile as eluent. The ABEE-converted mannose was detected at 10.6 min. 
